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Abstract—The crude extract of eight specimen leaf samples were studied by phytochemical analysis for investigating prospects of the extracts for 
environmentally-friendly dye compounds that could be useful for smart windows. The phytochemical analysis reveals the presence of phytoconstituents 
such as flavonoids, anthraquinones, tannins, saponins, thus suggesting presence of compounds that could be useful as dye for smart windows in the 
chromophore of the plant. As a preliminary test, dye pigment grown on glass from the extracts, using the Solution Growth Technique, exhibited low 
absorbance and high reflectance at transmittance set at 400 nm when studied using UV/VIS spectroscopy between 190 nm and 1100 nm wavelength 
i.e. within the visible range of light in the electromagnetic spectrum. These indicated suitability of the leaf-extracts from the studied plants for growing 
environmentally-friendly dye compounds that could be used for smart windows. 
Index Terms—  Anthraquinones, Chromophore, Percentage yield,  Phytochemical screening, , Smart window, Solution Growth Technique (SGT), 
Spectrophotometry 
——————————      —————————— 
 
 
1 INTRODUCTION  
Energy budgeting is essential to drive technological innovation. Fossil fuel by its inherent nature is not billed to 
last forever. Hence, a need to depend on a clean-renewable energy source is salient to building a lasting energy 
supply. In 1991, Gratzel et al., [1] advanced the use of dye-sensitized solar cells. They used organic dyes to trap 
solar energy from the sun by growing the dye on a semiconductor substrate to generate electricity. In contrast to 
the challenges of silicon solar cells-high cost of production, dye pigments are readily available from leaves, stems, 
bark, pulp and plant seeds and seedlings. They represent an eco-friendly source of energy, cheaper and have 
increased trend in efficiency; 9. 8% in recent times [2]. These dyes are produced from efficient but simple laboratory 
procedures. Dye sensitized solar cells (DSSC) are fabricated from abundant and cheap materials (plants) using 
inexpensive processes similar to screen-printing. The DSSC shelf life may be low so also the yield, its non-toxic and 
easy decomposition makes it a cheaper, safer and viable option. Modern research shows that Perovskite sensitized 
solar cells (PSSC) has attained a power efficiency of almost 15% [3]. In spite of the qualities of PSSC (i.e. better 
efficiency and high durability) its shortcoming includes complicated synthetic routes, high cost of production, high 
environmental impact, and affinity for degradation when contaminated by water [4]. The advantage of non-toxic 
natural pigments as sensitizer over the PSSC is its economic and environmental benefit [4], [5], [6]. Though natural 
dye sensitizers may still produce marginal energy output, it is optimistic that high efficiency dye sensitized solar 
cells would become a reality with progressive studies and investigation [7], [22].  
A number of natural dyes have been utilized as sensitizers for DSSCs. El-Agez et al. [13] researched on natural dyes 
extracted from dry and fresh plant leaves and observed that spinach oleracea extract has an improved efficiency 
after drying. In 2008, red Sicilian orange juice dye was used as a sensitizer and a conversion efficiency of 0.66% was 
reported [14]. Rosella used as a sensitizer for DSSCs with efficiency of 0.70% [15]. Roy et al. [16] reported that 
DSSCs sensitized with Rose Bengal dye can have conversion efficiency of 2.09%. The modified structure of 
coumarin derivative dye was proposed by Wang et al. [17] which provided an efficiency of 7.6%. Etula [18] and 
Ahmadian [19] studied the structure and the concentration of anthocyanins, respectively. In several sensitizers, 
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natural dyes are used in the manufacture of DSSCs. It was hypothesized, that natural dyes with higher anthocyanin 
concentration [20], such as those extracted from blueberry and black raspberry have higher fill factors and 
efficiency. Chlorophyll (A) structure in Punica granatum peel extract gave a solar cell with 1.86% conversion 
efficiency. In general, natural pigments [34], such as anthocyanin, carotenoids, and chlorophylls’, have several 
advantages over rare metal complexes for DSSC sensitization. Recently, the nanostructure growth sensitized cells 
have been reported [21], [22], [23]. It processes high quality nanostructures- at reduced cost and high energy 
efficiency. Therefore, solution-based methods with the goal of low-cost nanostructure growth at low temperatures 
have been developed. The most important facet of DSSC is the thin film methodology - consolidation of a structure 
via adding ‘atom by atom’. This process requires a temperature that far exceeds thermodynamic equilibrium. It 
allows the creation of regulated metastable stages of nanocomposites [24]. 
DSSC has application in Smart Windows or switchable glass windows [4], [5]. Smart glass regulates the amount of 
light transmitted by controlling or blocking out some or all wavelengths of the incident sunlight. Glass changes 
from transparent to translucent when this control is activated. 
Smart glass has found uses in [6], conventional architecture (housing), automobile (car windows and windshield), 
aviation (Partition glass), rail, health and marine sectors. In hospitals where traditional blinds could become 
infected with dirt and bugs, smart windows present a safe alternative. Research [7], [8], [9] shows that, Patients 
health comfort is capable of restoring health speedily. Smart technology includes, electrochromic devices, liquid 
crystal (LC)/ Polymer dispersed liquid crystal (PDLC), suspended particle device (SPD), thermochromic devices, 
photochromic devices, the latest micro–blind and nanotechnology. They are classified as passive (thermochromic 
and photochromic): they react naturally to change in heat, or sunlight. Active ones such in electrochromic devices 
require an external source of stimuli such as voltage to change glass properties dynamically [7], [8], [9]. 
In this paper, eight plant samples were investigated. The phytochemical screening carried-out for eight leaf 
samples, oil bean, newbouldia, mango, African apple, palm frond, bauhinia bowkeri, yellow trumpet bush and 
zobo leaf (as shown with yellow highlight on Table 1 and 2). We investigated the chromophores like flavonoids [3], 
tannins [3], cyanin [4], caponins and Saponins, anthraquinones [10]-indicating the suitability for use as an organic 
dye [11] which could function in DSSCs. Batch separation [3], [30] was carried-out on the dye extract to improve the 
purity of the dyes and identified the active samples of the dye. Six leaf samples tested negative for 
phytoconstituents (see olive green highlight on table 1 and 2). M. indica L. and P. macrophylla leaf samples showed 
the presence of the dye pigments. Their dye extract was characterized using UV-VIS absorption spectra. The optical 
characteristics were investigated for suitability to use as photochromic device [5].   
 
2 PROCEDURE FOR PREPARING DYE 
2.1 PREPARATION OF DYESOL 
The leaves of the eight leaf samples (see yellow highlight on Table 1 and 2) were air dried for some weeks. Each 
was milled to coarse particles, and spread out to dry to prevent it from becoming moldy. The phytochemical 
screening [5] was done on each of them. The leaf of M. indica L. and P. macrophylla was soaked in methanol for 
eleven days to extract the dye. The dyesol mixture was separated using plastic funnels and cotton wool. The filtrate 
was collected in large sample bottles and covered. This was poured periodically into a rotary evaporator, until all 
the dye was separated from dye solution and the methanol recovered for future laboratory use. The pictorial 
methodology is shown in figure [1] below.  
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Fig. 1 showing the process of obtaining dye pigment from M. indica L. and P. macrophylla 
2. 2   Batch separation of dye 
A separating funnel was used to purify the feedstock. The crude extract (dye) was mixed with 40ml Hexane and 20ml 
Ethyl Acetate [3], [30]. This mixture was thoroughly mixed and poured into the flask of the separating funnel to obtain 
the different sections. The four portions obtained were:  
a. The crude 
b. Aqueous  
c. Hexane 
d. Ethyl Acetate factions 
 
The dry crude and hexane portions were the largest - confirming the organic nature of the dye. A phytochemical analysis 
is described below. 
 
 
2.3 Phytochemical Screening 
Test for Saponins: Frothing Test 
The crude methanolic extract (M.indica.L. and P. macrophylla) was mixed with 2.5ml of distilled water in a 
25ml test tube. It was vigorously shaken together. Formation of persistent froth was taken as evidence for 
presence of saponins. 
Emulsifying Property-Two drops of olive oil was added to 2.5ml of crude extract. This was shaken 
vigorously for thirty minutes. A stable emulsion was observed (table 2). 
 
Test for Cardiac Glycosides 
Thin film production 
Hexane faction                 EthylAcetate                         Aqueous faction 
Batch separation with separating funnel 
Dry Crude 
Mother Liquor 
Crude extraction 
using a filter and cotton wool 
2.748Kg mango  
3.000Kg Oil bean 
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0.5g of each sample (M.indica.L. and P. macrophylla) was extracted with 10ml of 80% ethanol for five minutes 
on a steam bath. The extract was filtered and diluted with an equal volume of distilled water. A few drops 
of lead acetate solution was added, shaken and filtered after standing for a few minutes. The filtrate was 
then extracted with three aliquots; equal amounts of chloroform. The extract was divided into two portions 
in an evaporating dish and evaporated to dryness. 
Keller-Killiani Test: one portion from above was dissolved in 3ml of Ferric Chloride reagent in a clean test 
tube. 2ml of concentrated sulphuric acid was then poured from the side of the test tube to form a layer 
below the acetic acid. A formation of purple or reddish brown colouration at the interface and a green 
colour in the acetic layer was taken for a positive result (table 2). 
Test for Alkaloids 
0.5g of crude extract was stirred with 5ml of 10% aqueous hydrochloric acid (HCl) in a steam bath for 
fifteen minutes and was filtered while hot and allowed to cool. 1ml filtrate was then heated with a few 
drops of each of the following reagents: 
• Mayer’s reagent 
• Wagner’s reagent 
• Drangendorff’s reagent. 
Turbidity or precipitation with any of these reagents was taken as preliminary evidence for presence of 
alkaloids in sample (table 2). 
Test for Tannins 
0.5g of the crude extract was mixed with 10ml of distilled water in a test tube and filtered. A few drops of 
ferric chloride was added and observed for a bluish; dark green colouration, indicating the presence of 
tannins (table 2). 
Test for Phlobatannins 
The absence of the deposition of a red precipitate when an aqueous crude methanol extract of the sample 
was boiled with 5ml of 1% aqueous hydrochloric acid was taken for the absence of Phlobatannins. 
Test for Flavonoids 
The solution of the extract was tested with the following reagents: 
Shinoda Test: 3ml of extract was added to a small quantity of magnesium turnings, and then a few drops of 
concentrated hydrochloric acid were run down the side of the test tube. At the upper phase, the appearance 
of three colour bands; orange, pink, reddish indicated the presence of flavonoid (table 1). 
Test for Anthraquinones 
Free Anthraquinones: About 0.5g of the extract was shaken with 5ml of chloroform for ten minutes and 
filtered. The filtrate was shaken with 5ml of ammonia solution. Presence of a pink colour in the ammoniacal 
phase indicated the presence of free anthraquinones (table 1). 
Combined Anthraquinones: 1g of powdered extract was boiled with 5ml of 10% hydrochloric acid for five 
minutes and filtered while hot. The cool filtrate was partitioned against equal volume of chloroform (two 
volumes), avoiding vigorous shaking. A clean pipette was then used to transfer the chloroform layer to a 
test tube taking care not to include the aqueous layer. An equal volume of 10% ammonia was added to the 
chloroform extract. A pink, red or violet colour in the aqueous layer indicates the presence of combined 
anthraquinones (table 1). 
 
2.4 Solution Growth and Measurements 
Each of these factions was deposited on a glass substrate using [29] the solution Growth Technique (SGT). The glass 
slides were degreased then rinsed with warm distilled water before use. A pair of glass slides was dipped into a 
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beaker containing the dye solution (dyesocol). The vertical growth of dye is observed in-between the slides and the 
rate of growth was observed for a period of six days. The dye grows on the glass substrate by capillary action; a thin 
coat of the dye is deposited on the glass. The UV-vis absorbance and transmittance spectra of the dye samples was 
done using Genesys10 UV/VIS single beam spectrophotometer, it gave the absorbance difference in part per million. 
The range of the scan was into two forms i.e. from 190nm to 1100nm and 300nm to 800nm wavelength.  
 
3. RESULTS  
3.1 Results and discussion 
The dye colouration of M. indica L. feedstock was light brown [4], P.macrophylla was dark green – it corresponds to 
the wavelength peak observed between 190nm to 664nm (figure 1). Fig.1 shows four prominent peaks between 
wavelengths 220nm to 664nm. The Absorbance percentage decreases as the peak increases. There is an inverse 
relationship between the absorbance peak value and the corresponding wavelength. At the highest wavelength 
peak, the radiation absorbed by M. indica dye is least. At the lowest wavelength peak-regardless of the radiation 
influx, absorbance is enhanced (see figure 2). The chromophores are highly sensitized [28, 31] at lower wavelength. 
At higher wavelengths, the excess energy is either reflected or transmitted [29]. The wavelength of visible light or 
UV absorbed by organic dye is a function of the measure of delocalization of the molecule.  It depends on type of 
orbitals and their energy level. When light falls on organic dyes, energy to move from one orbital or energy level to 
another is available. Electrons jump from a bonding or non-bonding orbital into an empty anti-bonding orbital.  
Light of appropriate frequency and wavelength is necessary to precipitate this action. The relationship of incident 
light to electron jump is given by: 
𝐸 = ℎ𝜈……… (I) 
However,  𝜆 = 𝑐
𝑣
 …….. (ii) 
Where : 
𝐸 ∶ 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 
ℎ: 𝑝𝑙𝑎𝑛𝑐𝑘′𝑠𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 
𝜈:𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 
𝜆:𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑙𝑖𝑔ℎ𝑡 
𝑐: 𝑡ℎ𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑙𝑖𝑔ℎ𝑡 
Frequency increases as wavelength becomes smaller. Higher electron jumps, less is the wavelength of absorbed light. More 
jumps require light of small wavelength with a lot of energy. 
The groups which absorb light in a molecule are known as Chromophores. Large number of Chromophores increases 
absorbance. Absorbance is a measure of the amount of light absorbed of a particular wavelength. The sigma bond, pi-bond is 
strongly delocalized (certain electrons are not attached to particular molecules; not location – specific). Same structures with 
different arrangement and bond angles have disparate resonant stability. The greater the delocalization, the longer the 
wavelength of light absorbed thus, reducing the energy. Their spectral property is determined by resonant stability of each 
molecule. This depends primarily on the structure, energy and type of molecular orbital it has.  
There are two major molecular orbitals: the Highest Occupied, HOMO and Lowest Unoccupied, LUMO. 
The most important jumps are (Fig. 1) from:  
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•  Pi bonding orbitals to pi anti-bonding orbitals; 
•  Non-bonding orbitals to pi anti-bonding orbitals; 
•  Non-bonding orbitals to sigma anti-bonding orbitals. 
The type of bond present [9] in C19H18O11 is: C=O, C-O, C-OH, C=OH, C=C, C-C, single O lone pairs, double oxygen lone pair. 
C=C, C-C is common in all hydrocarbons so, it serves no unique value here. 
The important bonds are C=O and C=OH since they are [9], [44] the pi bonds. 
 
Fig. 1:  The molecular orbitals and their energy level (whreusch@msu.edu. 30/10/14 at 9:00 a.m.) 
Fig. 2 has four wavelength peaks. Wavelengths 220nm and 274nm does not lie in the visible spectrum of light. It is in 
ultraviolet (UV) range and so will not show any visible sign of light being absorbed. C19H18O11 has no non-bonding 
pair so; the electron jumps will be from pi bonding (double bond) orbitals to pi anti-bonding orbitals (see fig. 1).As 
delocalization increases, wavelength increases and frequency decreases. Thus, less energy [9], [44] is required for 
absorption. In C19H18O11 molecule, there are seven pi-bonds. The sigma (single bonds) has a larger band gap 
requiring higher energy for electron jump. 
 
 
Fig. 2    UV/ Vis absorption spectra of M. indica L. 
Figure 3 has one prominent wavelength- peak. The other three peaks are not very distinct. This might be 
due to the grain morphology and texture [24] of the M. indica L. dye particles after deposition for two days. 
This is a function of the ratio of oxygen atoms on the slides impeding SGT of M. indica L.: J oxygen/ J M. indica 
L.[36]. 
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Fig. 3    UV/ Vis absorption spectra of M. indica L. 
Figure 4 recognizes one prominent peak and three that are not distinct. A seemingly small peak goes unidentified (between 
633nm and 795nm). This may be due to all aspects of homoepitaxial growth is influenced by small amounts of oxygen during 
the deposition. The partial pressure exerted by oxygen molecules influence this anomalous feature.  
 
Fig. 4  UV/ Vis absorption spectra of M. indica L. 
Figure 5 has one prominent wavelength- peak at 224nm. The remaining three peaks are not distinguishable. The undefined peak 
in fig. 3 is diminished [36], [37]. A strong possibility exists that the grain morphology combined with the surface structure of the 
substrate is responsible. Results [38], [39] show that molecules of gases show a tendency to adsorb. This has a high probability at 
sites of defects or Island edges. This is after six days of observation of SGT.  
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Fig. 5.  UV- Vis absorption spectra of M. indica L. 
Figure 6 is the UV/vis of P . macrophylla after 24 hours. It is parabolic in nature- half of a parabola. The set of all points 
equidistant from a given line should give a parabola. Disparity observed in the shape structure may be due to variation of 
shape with the edge of migration. Distance of adatoms is a function of diffusion- bulk migration.  
 
 
Fig. 6.  UV/vis absorption spectra of P. macrophylla 
Fig. 7 retains the parabolic shape. The disparity here becomes more pronounced after 2 days of SGT. Atomic [38] process 
is because of nucleation and competitive growth of constituent’s phases.  
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Fig. 7.  UV/vis of P. macrophylla 
In Figure 8, the morphology of the molecules on P. macrophylla impinging on the surface of the glass [37], [38] 
might be responsible for the variation of the shape.  
 
 
Fig. 8   UV/vis of P. macrophylla 
In figure 9, the SGT has occurred for six days, the uneven slope is attributed to the orientation as well as the texture of the P. 
macrophylla particles.  
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Fig. 9   UV/vis of P. macrophylla 
The thin film characteristics vary with Phase state, morphology of particles and surfaces, chemical composition, homogenuity, 
substrate-film interface , structure of molecules ,texture and orientation of molecules of the M. indica L. or P. macrophylla dye 
pigments [39], [41]. In elemental thin films[41], results show that correlation exists between molecular size, morphology, surface 
topography and texture.  
 
3.2 Phytochemical Screening Results 
Table [1] shows the phytochemical screening [26], [27] of eight leaf samples. Flavonoids [3], and anthraquinones [10], were 
highly present in M. indica L. and P. macrophylla. The main components of these leaf extracts is chlorophyll embedded in the 
chromophores [13]. The chemical adsorption of these dyes is attributed to the condensation of the methanol bound with the 
interface of the hydroxyl group from the dye pigment on the glass substrate. This result is confirmed in the spectrographs [31], 
[33]. The Mayer, Wagner, Dragendorff’s test is to check for the presence of alkaloids. The shinoda test is to test for flavonoids, 
cardiac glycosides tests for anthraquinones. Tannins indicate if the plant part secretes resin or gum. Newbouldia, African Apple, 
Yellow trumpet bush, palm frond and, zobo leaf did not have flavonoids nor anthraquinones. Palm frond, Bauhinia Bowkeri 
and yellow trumpet bush have alkaloids in them, but they are low in chromophores.  
Table 1 and 2 depicts the leaf samples in yellow. Olive green accent represents the leaf pigments where chromophores were 
absent (see table below). Red colour is for samples rich in chromophores. The pink hue shows the specific chromophores. UV 
spectra for this group correspond to the highest wavelength-peaks in nanometers. This group also has the highest absorbance. 
Sky–blue indicates samples-weak in chromophores.  
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Table 1:  Phytochemical Analysis of First-kind Samples [32]. 
 
  
 
 
 
 
 
 
 
Table 2:  Phytochemical Analysis of Second-kind Samples [32].  
Sample Name Test  
for 
Tannins 
Shinoda  
Test 
Acid  
Test 
Caponins Cardiac 
Glycosides 
Mayer 
Test 
Wagner  
Test 
Drangendorff 
Test 
5 Palm 
frond 
 Nil Nil ++ + + + + + 
6 Bauhinia 
Bowkeri 
Nil ++ +++ Nil + ++ ++ ++ 
7 Yellow 
trumpet 
bush 
Nil Nil Nil Nil + ++ ++ ++ 
8 Zobo leaf Nil Nil + Nil + Nil Nil Nil 
+++ =very highly present; ++ = highly present; + = marginally present; - = absent 
 
3.3 Percentage Yield of M. Indica L and P. Macrophylla 
The percentage yield [16], [35] of the two most prominent samples is given below. The ratio [21] of the initial mass of the 
sample to the final mass of dye obtained is referred to as the percentage yield of the substance (compare Tables 3 and 4).  
Table 3:   LAYER OF  M. indica L. 
Sample Name of leaf Anthraquinones Flavonoids UV 
spectroscopy 
(nm) 
Absorbance 
λmax 
(nm) 
1 
 
Oil bean ++ ++ 664 (peak) 
412 
0. 124 
0. 355 
2 Newbouldia Nil Nil 325 
412 
0. 153 
0. 176 
3 Mango +++ ++ 664 
364 
0. 046 
0. 332 
4 African Apple Nil Nil 664 
409 
0. 071 
0. 154 
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Faction Mass (in g)  
Hexane 78.264 
Ethyl Acetate 1.510 
Aqueous 10.000 
Crude 226.873 
Total yield of mango layers 316.647 
% Yield 11.5% 
Table 4: Layer of P. macrophylla 
Faction Mass (in g)  
Hexane 51. 030 
Ethyl Acetate 1. 456 
Aqueous 7. 999 
Crude 8. 940 
Total yield  69. 425 
% Yield 2. 3% 
M. indica has five times yield than P. macrophylla (see blue and olive green indicator on Table 3and 4). The percentage yield does 
not have the same interpretation as the efficiency of a dye sensitized solar cell (DSSC), [21]. 
 
3.4 Spectrophotometer Studies 
The relationship of Transmittance (T), Absorbance (A) and Reflectance (R) is given by the expression: T + A + R = 100% (law of 
conservation of energy; in a closed system, where there is no loss of energy to the surrounding). In Table 5, M. indica L.’s 
transmittance increases (purple highlight) while absorbance (pink highlight) decreases, the reflectance (yellow also decreases). 
We observed (table 6) an inverse relationship between the three parameters; T, A and R. When T is increasing (blue highlight), 
absorbance (orange accent) is decreasing, the reflectance (olive colour) is unpredictable, it depends on the incident radiation left 
after absorbance has occurred. The green colour indicates departure from norm in the result.  
Table 5: Thin film Spectroscopy of M. indica L. 
Sample  
Number  
Transmittance 
 (%)   
Absorbance 
 (Au)   
Reflectance 
 (%)   
B2  12.80  0.14  73.20  
B3  22.80  0.11  66.20  
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B4  27.40  0.097  62.90  
B5  42.60  0.089  48.50  
B6  59.60  0.013  39.10 
        
B7  62.40  0.057  31.90  
 
 
Table 6: Reflectance against Absorbance of P. macrophyllaThin film 
Sample 
No 
Transmittance 
 (at 400nm)  
Absorbance 
 (nm)  
Reflectance 
 (%)  
A2 44.10 0.825 -26.60 
A3 52.30 0.07 40.70 
A4 52.90 0.059 41.20 
A5 56.10 0.051 38.80 
A6 70.70 0.289 0.40 
A7 76.80 0.047 18.50 
 
This might be due to grain [42] boundaries-they act as defects within the molecular structure. They may also serve as localized 
sites for defect collection (fig. 10) - there is improvement in quality of structure of dye molecule. In most thin film grain 
boundaries, atomic periodicity is interrupted on a free surface like this. This condition may account for such an occurrence. The 
graph (fig. 10) shows a negative slope, an inverse relationship between Reflectance and Absorbance for P. macrophylla. High 
absorbance yields low reflectance. 
IJSER
International Journal of Scientific & Engineering Research, Volume 6, Issue 3, March-2015     695                                                                                     
ISSN 2229-5518 
 
IJSER © 2015 
http://www.ijser.org 
 
Figure 10: Reflectance – Absorbance analysis 
The inverse relationship between the transmittance and reflectance occurs when transmittance is at 400nm. We 
observed that, when the reflectance is minimal, absorbance is maximal. Also, Low reflectance occurs at high values of 
absorbance. An interesting discovery is a point of equality (Fig. 11) of transmittance and reflectance. Transmittance has 
a value of 45%; it implies the incident radiation is not the primary determinant at this point [15], [39], [40], [41]. The 
absorbance and reflectance also have three points of coincidences. After one, four and five days of SGT, 
absorbance/reflectance value(s) was 30%, 20%, and 10%respectively. At these points, transmittance experiences a 
positive skew. 
 
Fig. 11: Transmittance against Absorbance and Reflectance of P. macrophylla 
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From the graph of transmittance against absorbance, M. indica L. is high in transmittance at 400nm and low in absorbance at the 
same wavelength [17], [18], [19]. The transmittance increased with the number of days the glass slides were soaked, and it has 
an inverse relationship with the absorbance difference.  
In fig. 12, the trend is a direct relationship between the absorbance and reflectance values. A disparity occurs on day three and 
seven, the transmittance, reflectance and absorbance coincide. This condition might be explained by various analytical methods 
[41], [42], [43], [44] like Scanning Capacitance Microscopy (SCM), Scanning Kelvin Probe Microscopy (SKPM), Conductive probe 
atomic force microscopy (CP-AFM) and Orientation Imaging Microscopy (OIM). The missing link to understanding the 
relationships-film processing, deposition and photovoltaic performance is given by the measurements from these instruments.  
 
 
 
 
 
Fig. 12   Transmittance against Reflectance and Absorbance of M. indica L. 
4 CONCLUSIONS 
Eight tropical plant leaves extract were tested for chromophores. The M. indica L. and P. macrophylla showed the presence of 
flavonoids, anthraquinones. The M. indica L. and the P. macrophylla is high in transmittance of incident radiation and low in 
absorbance. The M. indica dye thin film would be more economical for use due to its higher yield (see table 2). The two thin 
films have widely varying properties [42], [43], [44] at 400nm- molecular structure, grain size and grain boundary character. 
However, M. indica L. would suit a wider range of purposes than the P. macrophylla, (fig. 6). P. macrophylla has a constant 
value for minimum range - where there is a need for regulated temperature over a long period of time. 
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